Aims: To describe the evolution of proficiency testing for molecular diagnostic pathology with respect to determining unambiguously the patient identity of tissue samples by microsatellite analysis. Method: Four rounds of quality control exchanges of samples from different patients were sent with the purpose of identifying the correct origin of these samples. The samples were either paraffin wax embedded sections on glass, sections in tubes, or isolated DNA. Blinded samples were distributed to all participating laboratories. No restrictions to the method and short tandem repeat markers used for identification were imposed. Results: In four subsequent rounds the number of participating laboratories increased from three to 10. The numbers of samples tested increased in time from five to 12. The microsatellite markers used by the different laboratories showed little overlap. In the first three rounds, in which isolated DNA was provided, all samples were accurately classified irrespective of the microsatellite markers used. In the last round, which also included paraffin wax embedded sections, a small number of laboratories experienced problems, either with amplification or incorrect classification of a few samples. Conclusion: Proficiency testing was useful, and showed country wide high quality and correct identification of (patient) samples with molecular techniques for diagnostic purposes.
Q uality control in laboratory testing has been performed in many fields in the past such as clinical pathology, microbiology, quantitative image analysis, 1 2 flow cytometry, medical genetics, 3 and recently molecular pathology. 4 5 The Dutch Pathology Society established a molecular diagnostic working group in 1998. A subcommittee organised external quality assurance (EQA) for the detection of sample identification by microsatellite analysis, the identification of p53 and K-ras mutations, polymerase chain reaction (PCR) based chromosomal translocations, IgH clonality assays, and human papillomavirus detection. In the past, proficiency testing in other areas has been performed several years after the initial development, 1 2 leading to the realisation that essential basic improvements should be made. Therefore, we felt that proficiency testing in molecular laboratories would be useful in the implementation phase. Since 1998, five rounds of proficiency testing have been performed. The assays to be tested in the EQA were selected, based on information received from the pathology laboratories performing molecular diagnostic analysis in the Netherlands. In four of the five rounds of sample exchanges one of the subjects tested was the comparison of tissue samples from different patients.
''In the case of a major discrepancy between the endoscopic impression and the histopathological findings, short tandem repeat analysis may be performed to determine whether the biopsy is from the same patient''
In daily practice, this is sometimes done to determine the presence or absence of possible contamination or exchange of samples. 6 For example, in the case of a major discrepancy between the endoscopic impression and the histopathological findings, short tandem repeat (STR) analysis may be performed to determine whether the biopsy is from the same patient. The aim of our study was to report the outcome of proficiency testing in these four rounds of EQA for molecular diagnostics. Figure 1 shows the general scheme for one round of proficiency testing. A letter of invitation was sent from a central office to all pathology laboratories in the Netherlands. Each laboratory could participate on a voluntary basis. In each of the four rounds one of the subcommittee members organised the test samples. Split sample design was used to obtain several coded samples with equal composition from each specimen. Table 1 shows the composition of the test samples for the four rounds. In the case of paraffin wax embedded material, the samples were fixed in neutral buffered formaldehyde (4% wt/vol) according to the routine procedure. In the fourth round (2002), four samples (samples 3-6) were fixed for 24 hours and four samples were fixed in same fixative for six days (samples 7-10).
METHODS
Coded test samples were sent to a distribution office for transfer to those who had reacted favourably to the letter of invitation. Two different people from the organising laboratory, who also participated in the proficiency testing, were involved in preparing and testing the samples. The first one prepared the coded sample and the second one was unaware of the coding and performed the testing.
The results had to be returned within certain time limits accompanied by a questionnaire, containing the following questions:
N Which test sample(s) belong to the same patient(s)? N Which markers were used, including a detailed technical protocol (standard operating procedure)?
Participating laboratories sent their results to the distributional office. The sample codes were disclosed and the organising subcommittee member compared the results from the coded samples with the original results (table 1). He was also responsible for summarising all the outcomes in a report.
The definitions of the terms used for the description of outcome were adapted and extended from the Association for Molecular Pathology, as follows The compatible group contained cases where-for example, the extracted DNA could not be amplified; in other words, compatible determines for a sample the fraction of answers that still could be in agreement with the reference. In the case of 100% accuracy the use of the description compatible is not meaningful.
A concept report, with the laboratories still in coded form, was drawn up from the outcome, and was sent to all the participants. Each laboratory could establish its performance by comparison with the outcome regarded as the reference of each round. In addition, each laboratory could check at this point whether the report was correct with respect to its own data and compare its performance with the average or consensus. Subsequently, a central meeting was held, where the details of the outcome were discussed. Afterwards, a final report was made, with the anonymity of the laboratories being maintained. The procedure evolved during the quality control rounds and the procedure described here was performed only in the last round. In the first rounds an additional reviewer went over the quality control report.
RESULTS
The number of participants increased during the four rounds from three, to six, eight, and 10. The markers used by the different laboratories varied greatly. The same markers were used in two laboratories only. Table 2 shows the markers used in 2002; in general, they are similar to those used in previous years. Table 1 shows details of the composition of the test samples in the four rounds.
In the first round the design of the coded test samples was simple. Only DNA from a few samples was distributed, providing information about the amplification and interpretation of electrophoresis from the STR markers only. All three laboratories obtained a correct classification of the samples. In the subsequent rounds the sample composition was slightly extended, with specific aims.
In the second round, two different concentrations of DNA and large paraffin wax sections in small tubes were sent out. This extension aimed to test DNA isolation from paraffin wax embedded sections and subsequent STR analysis. All six laboratories obtained a correct classification of the samples, irrespective of the DNA concentration. Extracting DNA from paraffin wax embedded sections in the different laboratories did not lead to a reduction in accuracy. In addition, in the first two rounds water samples were tested, which were classified as negative by PCR in all the laboratories, leading to a specificity of 100%.
In the third round, both one paraffin wax embedded section of a small biopsy and six sections of a paraffin wax embedded margin of a resection specimen from the same patient were sent out. Because all samples were classified accurately, it was clear that one section of a small biopsy was sufficient for STR analysis. This shows that these eight laboratories could correctly group tissue samples using one 10 mm thick paraffin wax embedded section from a 2-3 mm biopsy.
The fourth round contained the same elements as the previous rounds but, in addition, the samples had undergone variations in fixation time and DNA had to be extracted from a paraffin wax section that was mounted on a microscope slide. Table 3 shows the outcome of round four (2002) . Six laboratories showed 100% precision when classifying samples from the same patient. However, two of the 10 laboratories had technical problems with amplifying DNA for seven of 120 scores (6%). This outcome is essentially not discordant and was scored as compatible because the conclusion based upon the results obtained was not incorrect. The problems with PCR could not be attributed to prolonged fixation time, because the accuracy of classification was better for samples with longer fixation. In one laboratory, four samples were classified as discordant. In another laboratory, one of the samples, where DNA had to be extracted from the paraffin wax embedded section on a glass slide, was not conclusive and was incorrectly classified. In total, five of the 120 scores were incorrectly classified (4%). Overall, the score for this round was less accurate (96% compatible) than in the first three rounds (100%).
DISCUSSION
The results of proficiency testing were excellent in the first three rounds. A highly accurate classification was achieved, irrespective of the choice and number of markers used. In the first three rounds all samples were classified with 100% accuracy. It was clear that for a standard procedure of testing at least one section was sufficient for unambiguous sample identification. Thus, sample exchange identification using STR analysis does not require extensive molecular equipment and can be done by most laboratories that undertake molecular diagnostic analyses. In the 2002 round of proficiency testing (the fourth round), two of the coded test samples were paraffin wax embedded sections on glass slides, therefore extending the analysis to include DNA extraction from glass slides. From the discussion meeting after the concept report, it appeared that more laboratories had difficulties with PCR, but most were able to classify these samples correctly. However, one laboratory was not able to resolve the PCR or DNA extraction related problems and another was not sure why one sample was classified incorrectly. Because this laboratory accurately classified all the other samples, the specific improvement needed in this laboratory is probably the isolation of DNA from glass slides. Remarkably, in one laboratory four samples were classified as discordant. This was unexpected and might have resulted from the samples being mixed up early in the process of DNA isolation at the test site. Although samples were prepared in the distributing laboratory in a manner aimed at minimising mistakes and mix ups, we cannot exclude this as a reason for the outcome in this single laboratory. Because of these results in future we will store some spare samples for laboratories that might want to re-evaluate their testing. The outcome of the fourth round also shows that proficiency testing is useful even for seemingly simple tests. Overall, the results for patient identification were good, particularly because these techniques have only recently been developed and are rapidly applied. This may in part be explained by the fact that although many markers are used, only one or a few are necessary for adequate distinction. Most laboratories used five or six markers for STR analysis. In general, this was sufficient for correct classification in all four rounds, because relevant differences between the samples were obtained. In a previous publication, tissue identification was reported with radioactive labelling of X and Y chromosome probes. 6 In our report identification was performed with ethidium bromide staining in agarose gels and later with increasing frequency by fluorescence labelling, as a result of technical improvements with time.
During the central meeting at the end of each round of proficiency testing the laboratory coding was voluntarily decoded by the participants, and the data were discussed with respect to the outcomes from the different laboratories. This resulted in the exchange of protocols where appropriate, such as DNA isolation from paraffin wax embedded material.
The time frame of the tests was frequently a topic of discussion at the evaluation meeting. Although in daily practice most laboratories could provide an answer for STR analysis (including DNA analysis) in 4.7 days (range, 3-7), several laboratories requested that the testing time should be extended further than the initial four to six weeks. This was partly because of the low priority given to this testing in the work of the laboratory. Therefore, the importance of quality control does not yet seem to be firmly established in routine molecular diagnostics.
Performing this type of quality control early in the implementation phase of new molecular techniques for pathology showed that this technique is adequately performed in many laboratories, even if the initial experience is limited. This is a promising feature of molecular pathology testing, in contrast to some other techniques. 1 2 In the Netherlands there is no legal obligation to participate in proficiency testing. The Dutch Pathology Society encourages laboratories to participate in molecular proficiency testing. No sanctions exist for laboratories performing below the average laboratory performance. However, it is felt that such laboratories would be eager to show improved performance in the subsequent rounds of proficiency testing. This lack of enforcement and the collaborative stimulating attitude has led to the situation where all laboratories performing molecular pathological diagnostic tests participate in EQA on a voluntary basis. However, because most diagnostic assays should fulfil minimal standards, quality control is essential. Therefore we strongly encourage laboratories to join because we foresee that in coming years national EQA testing will become obligatory. In general, to improve laboratory testing a laboratory needs to perform and compare its local assays with those of others. Participating in EQA and performing at an optimal level proves that the laboratory is fulfilling its responsibility. The participants set the standard and the peer review activity of the network members takes care of optimal standards.
In conclusion, the proficiency testing of STR analysis for possible exchange of tissue samples shows that molecular techniques can be performed in many laboratories with high accuracy. This outcome is independent of the markers used. The central meeting afterwards enables standardisation of protocols, where appropriate. 
